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0 Detection of loaa of the wfld«type p53 gene. 



© Metnods and 4ts are provided for atsessirig 
mui .tiona and^ loss of the pS3 gene in numan 
tumors. Beth deletton mutatiena and comt mutations 
b p53 are observed in the same humen tumor ceila 



and these mutatiena are clonal within the cc'ls at mo 
tumor. Ijoss of wiid-fyoe o53 genes ia ^vsoonsibie 
(er neoplastic progression. 



n 



0. 
UJ 



FI6.1 




kwaaCaerCwtft 



1 



EP 0 390 323 A2 



2 



DETECTION OF LOSS OP THE WILD-TYPE p53 GENE 



The U.S. Government has a paid-up license In 
this Ini^endon and me igm in limited ctrcumstaneer 
to require the patent owner to license others on 
reasonable terms as provided for oy the terms of 
grant numbers OM07309. GM071S4. HD2061$. S 
CA42BS7. CA28e54. CA47527 and CA3S494 award- 
ed by tht National Institutes of health. 



TECHNICAL AHEA OP THE INVENTION 



SUMMARY OP THE INVENTIQN 

It Is an o^ect of the present Invention to pro- 
vide a method for dfagnosinp a neoplastic tissue of 
a human, 

II 13 enothcf object of the invention to provide a 
metfiod of supplytng^wild^ype pS3 gene function to 
a ceO which has tost said gene function. 
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The invention relates to the area of cancer 
diagnostics. More particularly, the Invention relates 
to detocoon of the loss and or altoratlon of wild* 
typo p53 genes trom tumor tissues. n 



BACKQWOUND OP THE INVENTION 

Recent stuoies have elueldaied several genetic ao 
alterations that occur curing the development of 
colorectal tumors, the most common of which are 
deletions of the short arm of chromosome 17 
(t7p). While some genetic alterations such as RAS 
gene muutions. appear to occur relatively early n 
during colorectal tumor developmem, chromosome 
I7p deletions are often late events associated with 
the transition from the benign (adenomatous) to the 
malignant (carcinomatous) state. See Vogelstein et 
el.. New England Journal of Medicine. Vol. 319, x 
pS25. 1B8S. 

Because carcinomas are onen lethal, while the 
precursor adenomas are unilormty curable, the de- 
lineation oi the molecular events mediating this 
transition are of considerable importance. The oc- J3 
currence of aOelic deleiions of chromosome l7p in 
a wide variety of cancers besides those of the 
colon, including those of the breast and lung, fur- 
ther emphasises the importance of genes residing 
on chromosome 17p in the neoplBSttc process. « 
Because aOelic deletions have been reported to 
encompass a large ama of dvomosome 17p. there 
is a need In the art for defining the particular 
genetic region which is responsible for the neoplas* 
tic progression. ^ 



It is yet another cbject of ihe inve.ntion to 
provide a kit for oetermtnason of the nucleotide 
sequence of the p53 gene by using the poly 
merase chain reaction. 

R still another object of the invention to provide 
a nucleic add probe for detection of mutations in 
the human pSd gene. 

These and other objects of the mvemion are 
provioed by one or more of the embodiments 
which are described below. In one embodimem of 
the present Invention a method of diagnosing a 
neoplastic tissue of a human is provided com^. 
ing: Isolating from a human a tissue suspected of 
being neoplastic: and cetectmg loss of wiid-type 
p53 genes or their ei^resston products from said 
tissue, said loss indicating neoplasia of the tissue. 

in another embodiment of tfte present invention, 
a method is provided lor supplying wtld-type pS3 
gene function to a cell which hu :or said gene 
function oy vinue of a mutation in tne p53 gane. 
comprising: introducing a wiid*type p53 gene into a 
cell which has lost ssfd gene function such that 
said wild-type gene is expressed in the ceU. 

In yet another embodiment a kit is provided for 
determination of the nucleotide sequence of the 
p53 gene by polymerase chain reaction. The Wt 
comprises: a set of pairs of smgle strandec DNA 
primers, said set allowing synthesis of ell 
nudeoHdes of the p53 gene coding sequences. 

In still another embodiment of the invention a 
nucleic acid probe is provided which is ccmple- 
menury to human wild-type p53 gene sequences 
and which can form mismatcnes with muiam pS3 
genes, thereby allo«ring their detection by enzy* 
matic or chemical cleavage or by shihs bi elec« 
trophorellc mobifity. 

The present Invention provides ttie art witn tne 
information that the pS3 gene Is. in fac tne target 
of both deletionai and, point mutational aiierabons 
on chromosome I7p which are associated with the 
process of lumorigenesis. This informaticn allows 
Wghly spwcific Assays to im iIohb lo assess thn 
neoplastic status of a panlcjlar tumor tissue. 



BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 demonstrates the enaiysis of allelir: 
losses on chromosome t7p in the human tissue of 
90 two padents. SSI and S103. 

Figure 2 shows a map of !he common region 
of deletions on cnromosome t7p in colorectal tu* 
mors. The ehromoscmal pos;lions of 20 restriction 
fragment length pclymcrphiam <RP1^) .narkers 
from chromosome i7o are ir^iicated. The markers 
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were previously mapped to seven sub- 
chiomosomal regions (indicated A to F). Kybridize- 
tion results for eigt^t tumors are shown on the rght. 
with patient identification numbers indicated «t tne 
bottom. A fined drde indicates loss of one perenta: 
allele 'in the tumor, a cross-hatched circle rndicalftS 
retention of both parental alleles: en open circie 
tncicates that the marker was not Informative, i^. 
the patienrs normal tissue was not heterozyooul 
for the marker. The premise of tne composite pat- 
tern is that there is a single target gene on I7p. 
Theiefore. markers lor which heterozygosity was 
retained in any of the eight tumors <l4. cross* 
hatcheo circles) wouW be outside the target locus. 

Figure 3 shows a Northern blot anahfsis of 
p53 mRNA in colorectal tumors. The RNA m lencs 
14 and 12 was prepared from human tissues 
(normal colonic mucosa (N) or carcinoma biops«s 
(0). The RNA m lanes Ml and 1 3 was prepared 
from colorectal carcinoma cell lines. 

Figure 4 shews analysis of the products of 
polymerase chain amplincation of a m bp frag- 
rmn\ surrounding Uie p53 gene codon 143. Uncs 
colcrect£l tumor xenograft Cil: lanes 3.4: nor- 
mal fibroblastt from the patient providing Ocl; 
lanes 5,6: colorectal tumor xenograft CitZ: lanes 
7Z: normal fibroblasts from the pallcm srowdmg 
C«c3. 

Rgure S shows polymerase chain reaction 
analysis of p53 codon 175. Uncs t.2: colorectal 
tumor xenograft Cxi: lanes 3.4: normal fit:robl8»ts 
from a^e patiem providing Cxi; lanes 5.6: colorectal 
tumor xenograft Cjc3. Samples in even numbered 
lanes only were digested with Hha I. 

Figure 6 depicts RNase protection analysts 
of p53 mRNA. Celluiar RNA was hybridiied with 
radiolabeled anti-sense p53 RNA prcbe. end the 
hybrWs digested with RNase A. The RNA i»ras 
dcnved from: lane i: SI 15, carcinoma Wopsy: lane 
2; 8Wt417; lane 3: SW048; lane ^: RKO; lane 5: 
SW4aO: lane 6: RCA: lane 7: QEO: lane 8 FET: 
lane 9: xenograft Cx3: lane 10: normal colonic 
mucosa: lane ii: yeast tRNA: lane 12: probe alone 
(not RNase A cigeeted); tone i3: Swui? (long 
exposure). The fragments marked with arrowheads 
in lanes &6. and 13 were not present in me other 
samples. 

DETAIta DESCRIPTIOW 

ft IS a disco»^ry OT the present Invention that 
mutational evercs ascedatee with wmcrigenesis 
occur the p53 gene on chromosome I7p. aw 
ihough K was previously known thet ccietion of 
alleles on chromosome 17p were common in cer- 
tain types of cancers, it was not known that the 
deletions snared a common region which lnck«es 
the p63 gene. FuitfAr U was not known tia a 



second motationa) event on the sister chromosome 
of that carrying the deletions was also affected by 
mutation in the p53 gene. The mutation of tf.e 
Sister chromosome does not Imroive gross rearran- 
. gements such as deieuons. insertions or inversions, 
out rtther point mutations located in a venety of 
positions throughout the pS3 gene. Although the 
it»yentor docs not wish to be bound by the foltow 
ing theory. It Is proposed as a possible mechanism 
10 which explains the cbsen/ed resulu. « is believed 
that tho point mutation occurs Hrst and tne deletion 
event occurs second, as the latter event is cor- 
related with the change cf a tumor from an ad- 
enomatous to a carcinomatous state, 
fs According to the diagnostic method of ire 
present invention, toss of the Wild-type p53 gene is 
detected. The loss may be due to either deietioivd 
and'or point mutational events. « only a single P53 
allele is mutated, an early neoplastic state is in- 
20 dicated. However, if both alleles are mutated men a 
tote neoplastic state Is indicated. The p53 aiiete 
v.'hich is not deieteo that on the sister chro- • 
mosome to the chromosome cerrying the deletion) 
can be screened for point mutations, such as mis- 
» sense, enc framcshift mutations. Both of these 
types of mutations wouW lead to rion-lunctiorwl p63 
gene products, m addition, coint mutational evenu 
may occur in regulatory regions, such as in ir.e 
promoter of the p$3 gene, icacing to toss or am- 
30 inution of exoression of the p53 mRNA. 

In ctder to detect the loss of the p53 wild-type 
gene in a tissue, it is helpful to isotote the tissue 
tree from surrounding normal tissues. Means lor 
enriching a tissue preparation tor tumor cells are 
M known in aie art. for exampio, ine tissue may be 
isolated from paraffin or cryostat sections. Cancer 
ceUs may also be separated from normai ce:ls by 
ftow cytometry. These as well as other techniques 
lor separating tumor from normal cells are well 
40 known in the an. tf the tumor tissue is Kghly 
conuminaied w ?h normal calls, deteciton of mjta- 
tions is more diMeuR. 

Detection of point mutations mey be accom- 
plished by molecular ckwiing ollhe p53 eileie (or 
alleles) present in the tumor tissue end sequencing 
ih« altele(s) using twchnictnus ««B knowm in the art. 
Alternatively, the polymerase chain reaction car. be 
used to amplify p53 gene sequences directly from 
a genomic DNA preparation from the tumor tssue. 
so The ONA sequence of the ampliTied sequences can 
thm ht deieimined. The paymcrase chem reac- 
Iton itself H wen kno^ ^ 
au science. Vol. 239. p. 487. 198B: O S 
and U.S. 4.683,195. Specific primers which can be 
ss used in order to ampfify the 0S3 gene wiP be 
discussed in more detail below. 

Specific deletfens of p53 genes can also be 
detected. For example restriction f'agment length 
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polymorphism (RFLP) probes for the p53 Qene or 
surrounding martcer genes can be used to score 
loss of • pS3 illere. Other technioues for detecting 
deletions, es ere known in the art can be used. 

Loss of wild-tyoe pS3 genes may afso be de- s 
tected on the bash of the loss of a wfld-lype 
expresffon product of the p53 gene. Such expres- 
sion products Include both the mRNA as weD as 
the p53 protein product Itself. Point mutations may 
be detected by sequencing the mRNA directly or re 
via mclccular doning of cDNA made from the 
mRNA. The sequence of the cloned cONA can be 
determined using ONA sequencing tedinlques 
which are well known in the art. The cDNA can also 
be sequencad via the polymerase chain reaction is 
(PGR) which wiU be discussed in more detail be- 
low. 

Alternatively, mismatch detectton can be used 
to detect point mutadons in the p53 gene or its 
mRNA product While these techniques are less zo 
stntmt than sequencing, they are simpler to per- 
form on a large number of tumors. An exemple of a 
mismatch cleavage technique ts the RNase protec- 
tion method, which is described in detatl in Winter 
«t al. Proc. Natl. Acad. Sci. USA. Vol. 8Z p. 7575, n 
1985 and Meyers et al.. Science. VoL 230. p, 1242. 
1085. In the practice of the present invention Che 
method involves the use of a labeled riboprobe 
which is complementary to the human wild-type 
pS3 gene. The riboprobe and either mRNA or DNA 
isolated from the tumor tissue are annealed 
(hybridteed) together and subsequently digested 
with the enzyme RNase A which is able to detea 
«ome mismatches in a duplex RNA sUuchire. » a 
mismatch is detected by RNase A. it cleaves at the » 
site of the mismatch. Thus, when the annealed 
RNA preparation is separated on an eiectropheielie 
gel matrbc. If a mismatch has been detected and 
cleaved by RNase A. an RNA product wiB be seen 
which is smaller than the fuD-iength ouolex RNA fbr jo 
the nboprobe and the pS3 mRNA or DNA. The 
nboprobe need not be the full length of the p53 
mRNA or gene but can be a segmem of either. If 
the riboprobe comprises only a segment of the pS3 
mRNA or gene it w<ii be desirable lo use a numoer 4$ 
of these probes to screen the whole mRNA se- 
quence for mismatches. ' 

In similar fashion. DNA probes can be used to 
delect mismatches, through enaymaOc or chemical 
dstvage. See. o.q. Cotton et at. Proc Natl. Acao sc 
to. USA. vd. 85. 4397. 1988; and Shank at ai..' 
Proc Natl. Acad. 8d. USA, vol 7Z p. 989. 1975. 
Alternatively, mismatches can be detected by shifb 
in the electrophoretic mobility of mismatched du* 
ptexes raiative to matc^ed duplexes. See. m u 
Cartello. Human Genetics, vol 42. p. 736. 1888* 
With either riboprobes or ona probes. «ie eeOucar 
mRNA or ONA which might contain a mutatten can 



be ampfified using PGR (see below) before hy 
bridiatien. 

ONA sequences, of the p53 gene from the 
tumor tissue which have been amplified by use of 
polymerase chain reaction may also be screened 
using aHele-specific pmbes. These probes are nu* 
deic arid oligomers. eac«t of which conuins a 
region of the p53 gene sequence harboring a 
Icnown mutation. For example, one ot^omer may 
be about 30 nucleotides in length, corresponding to 
a portion of the pS3 gene sequence. Al the position 
coding for the 175th codon of pS3 garie ihe 
oligomer encodes an alanine, rather than the wild- 
type codon valine. By use of a batter/ of such 
aliele-spedfic probes, the PGR ampGHcation pro- 
ducts can be screened to identify the presence of 
a previously identified mutaSion in the p53 gene. 
Hybridization of aflele-specific probes with am- 
pfified pS3 sequences can be performed, for exam- 
ple, en a nylon filter. Hybridization to a particular 
probe indicates the presence of the same mutation " 
in the tumor Ussue as in the aUele-specific probe. 

toss of wild-type p53 genes can also be de- 
tected by screening Ibr loss of wild-type p53 pro- 
l8in hjnctlon. Although all of the luncticns which the 
p53 protein undoubtedly possesses have yet to be 
elucidated, at least two specific functions are 
known. Protein p53 binds to the SV40 targe T 
antigen as well as to the adenovirus ElB antigen. 
Loss of the ability of the p53 protein to bend to 
either or both of these antigens indicates • 
mutttional alteration In the protein which reflects a 
mutational alteration of the gene itself. Altematiyeiy. 
a panel cf monodonel antibodies could be used m 
which each of the epitopes involved in p53 func- 
tions are represented by a monoctenel antibody, 
toss or penurbaUon of binding of a monoclonal 
aniitody in \he panel would indicate mutational 
alteratron cf the pS3 protem and thus cf the pS3 
gene itself. Any means for detecting an attired p53 
protein can be used to de»ct loss of wild :ype pS3 
genes. 

Mutant p53 genes or gene products can also 
be detected in body samples, such as. serum. 
«ool. or other body fluids, such as unne and sou- 
(um. The same techniques discussed ebove for 
detection of mutant p53 genes or gene products in 
tissues can be applied to other body samples By 
screening such body samples, a simple early d|. 
agncsis can be achieved for many types of can- 
cars. In addition, the progress of chemotherapy or 
rodiothoraoy can be menKered more easily by test- 
ing such body samples for mutant p53 genes or 
gene products. 

The method of the present invention lor di- 
agnosis Of neoplastic tissue Is applicable acron a 
broad range of tumors. These induoe lung, breast 
brain, colorectal, bladder, prostate, liver as well as 
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stomach tumors. In addition me method may be 
uaed in leukemias and osteosarcomas. It thus ap* 
pears that the p53 gene has a role in the develop- 
mem of a broad rsnge of tumors. The methods of 
diagnosis of the present invention are appiicabte to 5 
any tumor in which pS3 has a role in 
tumorigenesir The diagnostic method cf the 
present invention is useful fbr dinidans so tfiat 
they can decide upon an appropriate eourae of 
treatment. For example, a tumor displaying toss of 10 
both p53 alleles suggests a more aggressive fhera- 
peutic regimen tfian a tumor displaying loss of only 
one pS3 allele. 

The Ut of ttie present invention is useful for 
determination of the nucleotide sequence of the rs 
p53 gene using the polymerase chain reaction. The 
Mt comprltes a set of peirs of single stranded ONA 
primers which can be annealed to sequences with* 
in or surrounding the pS3 gene in oreer to prime 
amplifying ONA synthesia of the pS3 gene itself, sc 
The complete set allows synthesis of all of the 
nucleotides of the pS3 gene coding sequences. 
The set of primere may or may not allow synthesis 
of both intron and axon sequences. However, it 
Should aflow synthesis of all exon sequences. as 

In order to facititate subsequent cloning of am- 
plified sequences, primsrs may have restriction eiv 
zyme sites appended lo their S' ends. Tnus. aO 
nucleolides of the primers are derived from p53 
sequences or seouences adjacent to pS3 except so 
the few nucieot'des necessary to form a restriction 
enzyme sHe. Such enzymes and sites are vreU 
known in the art The primers themselves can oe 
synthesized using techniques which ore wcu known 
in the an. Generally, the primers can be mede ss 
using lynthesizing machines which are cammer* 
ciany available. 

In a preferred embcdimem, the set of primer 
pairs comprises five pnmer pairs which are listed 
below. Primer pair 1: 40 
5*.GGAATTCCACQACGGTSACACG-3' and 5*- 
GGAATTCGGTGTAGGAGCTGCTQG-3*; pair 2: 5*- 
GGAATTCCCAGAAT6CCAGAGGC*3; s'- 
GGAATTCArGTGCTGTGACTGCTTG-3': pair 3; 5 
♦GGAATTCCACACCCCCGCCCG-3' end 5* 45 
GGAATTCATGCCGCCCATGCAG-3'; pair 4: s'- 
GGAATTCTGACT6TACCACCATCC-3' and s'- 
GGAATTCTCCATCCAQTGGrrTC-3': pair & 5*. 
GGAATTCCCAACAACACCAGCTC&3' and 5- 
GQAATTCAAAATOGCAGQGGAQG6-3'. so 

The nudeic acid probes provided by the 
present invention are useful m the RNase protee* 
tion method for detecting point mutations already 
discussed above. They may also be used 10 detec: 
miimetches with the p53 gene or mRMA using ss 
other techniques. Mismatches can be oeteeted us- 
ing omer enaymes <e^, $1 nuclease), chemicaia 
(o.g.. hydrexyiamme or osmium temxlde and 



pipcridineK or changes in electreohoretic mobility 
of mismatched hybrids as compared ;o totally 
matched hybrids. These techniques are known in 
the art See, Cotton, supra. Shenk, supra , Myers, 
supra . Winter, supra , ano Novack at aTTTfoc. Natl. 
Acao. Set. uS^^vol. 63. p. S86, 1886. If a 
riboprobe is used to detect mismatcnes wim 
mRNA. it is complementary to the mRNA of the 
human wild-type p53 gene. The riboprobe thus is 
an antt-sense probe In that it does not code for the 
p53 protein because rt is of the opposite polarity to 
the sense strand. The riboorcbe ceneraiiy will be 
radioactfvely labeled which can be accomplished 
by any meens known in the art If the riboprobe is 
used to detect mismatches with ONA it can be of 
eiiher polarity, sense or anti-sense. Simflany. ONA 
probes else may be used to detect mtsmatenes. 
Probea may also be complementary to mutant al- 
leles of pS3 gene. These ere useful to detect 
similar mutations in other patients on tne basis of 
hybridization rather than mismatches. These are* 
discussed above and referred to as alieie-speclfie 
probes. 

According to the presem invention a memod is 
also provided of supplying wild-type p53 function 
to a ceu which carries mutajil p53 alleles. The wild* 
type p53 gene or a pan of the gene may be 
imroouccd into the cell in a vector such tnat the 
gone remains extrachromosomal. In such a snu- 
et'en the gene win be expressed by tno can from 
the extrachromosomal location. If the mutant p$3 
genes present in the ceil are expressed, then the 
wild-type p53 gene or gene portion should be 
expressed to a higher level than Uiai of the mutant 
gene. This is because the mutant forms of the 
protein are thought to oligomeriae with wiid-lype 
forms of the protein. (Efiyahu et at. Oncogene. Vol. 
3. p. 313. 1988.) If a gene portion is introduced ana 
expressed in a cell carrying a mutant p53 a«eie. 
the gene porttcn should encode a fwl of thn p53 
protein which is required for non*neopias:ic growth 
of the cell. More prefenrec is me situaiion where 
the wild-type p53 gene or a part of it is introduced 
into the muiam cell in such s way th.at ft recem* 
bines with the endogenous mutent pS3 gene 
presem In the cell. Such recomhinatton would re- 
Quire a double recombination event which would 
result in me correction of the p53 gene mutation. 
Vectors for introduction of genes bom for recom- 
bination and for ejOrachmmosomal maimenance 
are known in the art and any suitable vector .itay 
oe used. 

Polypeptides or other molecules which have 
p53 ae^ may be supplied to cells which csrry 
mutent pS3 aUelea. The active melecutes can be 
introduced into. the cells by microinjection or by 
liposomes, for example. Attemathreh'. some such 
active mdecules may be taken up by me cells. 
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actively or by diffusion. Suppfy of <ueh active mo^ 
ecuies will effect an earlier necplastic state. 

Predisposition to cancers can te ascertained 
by testing normal tissues of humans. For example, 
a person who has inherited a germtine p$3 muu- 
tion would be prone to develop caneera. This can 
be determined by tasting ONA from any tissue of 
the person's body. Most simply, blood can be 
drawn and DMA extracted from the cells of the 
Mood. Use or a wfto-type p53 aneie. efther by 
point mutation or by deletion, can be oetected by 
any of the means discussed above. ONA can also 
be extracted and tested from fetal tissues for this 
purpose. 

The foltowing are provided for exemplification 
purposes only ano are not Intended to limit the 
scope of tne Invention which has been describeo in 
broad terms above. 



Example 1: 

This example demonstrates that me deletions 
found on chromosome i7p in human colorectal 
carcinomas share a common region between 
bands I7pi2 and I7pi 11 

Twenty ONA probes delecting restrictions frag, 
ment length polymorphisms (RFLPs) on chromo- 
some I7p were used to examine the patterns or 
aflelic losses in eolorecta! tumors. These probes 
have been mapped to seven discrete regions of 
i7p on the bests of their hybridizaiion to human- 
rodent somatic cell hybrids containing parts of 
Chromosome iTp (P. van Tulnen, O.C. Rich. K.M. 
Summers. OM. Ledbener, Genomics i, 374 (i987); 
P. van Tulnen et at., Am. j. Hum. Gen. 43. 587 
(isaa): PJR. Hm et ai.. Genomics 1. 340 (1987): 
unpublished data of Oil. Ledbetier and O.P. Bark* 
er). 

ONA WIS obtained Irom 58 carcinoma specl- 
mar. end compared to ONA from adjacent normal 
colonic mucosa. AHeiic losses were scored If either 
of the two alleles present in the normal cells was 
absem in the ONA from the tumor cells. Aflettc 
deletions can be difficult to detect In ONA prepared 
ftom whole tumors because most solid tumors con. 
tain a signlflcant number of non>neop(astic stromal 
and inRammatory cells, for this reason, regions of 
tumors containing e high proportion of neoplastic 
cells Mere cdcntiTted Wstopalhotogically and iso» 
tated. and ONA was prepared from crynstal sec* 
tons of these regions as described previously (S. 
Goeli. Hamltion. B. Vogels»in, Blochem. 
Btophys. Res. Commun. 130. 118 (1885); 6.R. 
Fearon. A. Peinberg. S.R. Hamilton. B. VogeWn. 
Nature 311 377 (1935). Qrossfy nonnei colonic 
mucosa ai^iacent to Ihe tumors was cfotelned from 
each patient and used to prepare control ONA. 



The two parental alleles could be distinguished 
in the normal mucosa of ea^ pattern with at least 
5 of the 20 RFLP martcers (the 'informaUve* mark- 
ers tor each case). Seventy-seven percent of me 
i tumcrs exnibited attefic tosses of at least 3 mane* 
ers. Studiee of 8 tumors which retameo 
heteroiygosity for some but not ell mertters on 
chromosome I7p enabled the definition of a com* 
mon region of deletion. 
^0 Figure 1 shews a sample of tne dau collected 
from two patiems. ONA ?rom normal (N) and car- 
cinoma (O tissue of patrents $51 and Si03 was 
digested wim restriction endonudeases and the 
fra^ents separated by electrophoresis. After 
IS transfer to nylon fitters, the ONA was hybridized to 
radiolabeled probes. Techniques used for ONA pu- 
rification restriction er^donuciease digestion, eiec* 
trophoresis. transfer and hybridization were per* 
formed as described (B. Vogeistein et al.. N. EngL 
90 J. Of Med. 319. 525 (1888): GoeU. supra: Fearon. 
st^a.) Taq l digestion was used fbr panels A. B, 
C. and F. BamHl for panel 0 ane Mspt tor panel E. 
AunraoiograpAs of the ¥^ed fiitsrs are shown. 
The alleles designated "r and •2" refer to the 
as larger and smaller polymorphic alleles, respective* 
ly. present in ihe normal ONA samples. The probes 
used were: Ar MCT35^: B: EVV301: C: YNH37.3: 0: 
YNZ22.t: E: MCT45.1: F: EW501 Oeletions of 
allele i can oe seen m panels A and E; oeieoons of 
90 allele 2 in paneta 6 and 0. 

The bmor from patient S5l had retained both 
parental alleles of three martcers from the distal 
regtcn of I7p, but hed lost one of all more proximal 
martcers thai were formative (Fig, i. a-C). This 
ss implied that the target of the allelic loss in this 
turner was proximal to the three retained martcers. 
Analysis of the pattern of marker loss is shown in 
Figure 2. The tumor from patient Si 03 had re- 
tained both parental alleles at ad informative M 
40 proximal to EW909. but had allelic deletions of 
several mere distal martcers <Fig. i, d^. Tne 
combined data depicted in Rgure 2 Indicated that 
the smallest common region of detetion extended 
between martcers funtrtn band t7pl2 to those within 
<f band f7pi34. This localizatlDi is based on the 
assumption that the same I7p locus was the target 
of deletion m all of the tumors. 



90 Example 2: 

This example demonstrates that the norniie- 
leted pS3 alleles m colorectal caro'nomas candying 
a pS3 detetion a/e not rearanged. 
55 First p53 cONA probes detecting evens spread 
over 20.000 base pairs (including all protein enccd* 
ing eions) [P. Lamb. LV. Crawfond. Mol. Cell. Biol. 
6. 1379 (1988): A. Zakut*Houri. a Bienz-Tadmor. 
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0. Givol. M. Oren. EMBO J. 4. 12S1(1965). N. 
Harris & Brfll. 0. Shanat M. Prokodnner. T.E. 
Admas, Mol. Cen. Biol.. 6, 4$S0 (1986): G. Mat* 
lashewsU et al.. Molec CeU. Biol. 7. B6i (1987): 
V.L Buchman at al- Gene 70. 24S (1988)1 were 
used to examine the ONA of 62 colorectal carcino- 
mas (50 primary specimens and 32 cell fines) in 
Soutnem blottlnQ expartmens. 

No rearrangemema of tha pSd gene were eb* 
senwd with EcoR I or BamH 1 digesta. nor were 
deletions of both alleles seen. Because p58 ex* 
presston might be affected by gross genefic alter- 
ations furtfier removed from p9d coding se* 
quences, puised-fietd gel electrophoreals was used 
to examine targe restriction fragments encompass- 
ing the pS3 gene. The restriction endonucteases 
EcoR V. PaeRT I. Not I and Sat 1 generated pS3 
gene-eomaining fragments of 45«350icb from the 
DNA of normal cads. No uterations were detected 
in the ONA fiom any of 21 colorectal tumor cell 
lines examined with each of these four enzymes. 



Example s; 

This example demonstrates that the non-de- 
leted p53 alleies in colorectal carcinomas carrying 
a p53 deletion express mRNA of the normal siae 
and tn most cases normal amounts. 

Northern blot experiments were performed on 
RNA from 22 colorectal dimors (6 primary tumors 
and 16 cell lines). Becauaa p83 expression has 
been correlated with cellular grewtti and/or vans- 
formation other genes whose expression a simi* 
lariy tegulated were used as controls ( c-mye, 
histone H3. and phosphoghycera» kinase). 

RNA was purified from grossly normal colonic 
mucosa^ prinury carcinoma specimens or tumor 
cefi lines, and separated by electrophoresis. Cell 
Enes were generously provided by 0. and M. Brat* 
tein or ratained from the America Type Culture 
CollecSion. Rcckvitle. Marytand. Total cellular RNA 
was isolated by the add-guanidium extraction 
method (P. ChemczynsW. N. Sacchi. Anal. 
Biochem. 162. 156 (1887)). Five micrograms were 
seofircted by electrophoresis through a i.9% 2(N- 
morphoino) ethane sulfonic aod-formatdehyde 
agarose gel and electrophoretically transferred to 
nylon niters. The RNA was transferred ie nylon 
filters and hybrldiaed with a radictabeied p53 gene 
probe. Labelling of me prooes, hybridization, wash* 
ing and autoradiograpny were performed u de- 
scribed (Fearon et al.. Science. Vol 238. p. i93, 
1987; Vogelstein et aU M Engl. J. of Med.. Vol. 
318. p. 525. 1988: and Goela. supra : and Fearon. 
Nature, supra) , Autoradiographs were exposed for 
18-24 hours. 

. . The_o53_prece was a 1.6 itb.Xbal fragment of a 



p53 cONA clone generously pruvided by 0. Givoi 
lEMBO J., vol. 4. p. 1251 (1985)). The c-myc probe 
was a 1.6 kb gnomic Sid fragment containing 
axon 2 cf c-myc (K. Aliiato et al.. Prcc. Natl. Acad. 

s Sci. USA 80. 1707 (1983)). The signals were re- 
moved from the titter, and r.e blot was re*hybridi2- 
ed with a c-myc gene probe. Autoradiographs et 
the hybridized fitters are shown in Rgure 3. The 
size or the p53 mRNA detected was 2.6 i^. and 

10 the size of the c-myc mRNA was 2.5 ieb. 

The RNA in lanes 1-6 and lane i2 was pre- 
pared from human assues (normal colonic mucosa 
(N) or carcinoma biopsies (O). The RNA in lanes 
7*11 and 13 was prepared from colorectal car- 

t9 Cinema cett lines. Lanes i. 2: Paiiem S345. N and 
C. respectively. Lanes 3, 4: Patient S3S3. n and C. 
respectively. Lanes S. 6. Patiem S36B. N and C. 
respeetivety. Lane 7: SVV837, Lane 8: SW480. Lane 
9: LoVo. Lane 10: 5W848. Lane IV. SW1417. Lane 

o 12: Patient S115. C. tane 13: RKO. 

The size of pS3 mRNA was normal (2j6 kb) ih 
all 22 tumors. Moreover, the relative abundance of 
pS3 gene mRNA was usually at least as great in 
coloreesat tumor ceils as In normal colonic mucosa 

IS confirming the results of Calabretta et al. (Career 
Research. Vol. 46. p. 738 (1986)). However, in four 
tumors, (lanes i(Vi3) relatnreiy imte expression of 
p53 mRNA was observed compared to that in the 
other tumors. This low level of expression of p53 

X was specific tn that c-myc. histone H3. and 
phosphoglycerate kinase mRNAs were expressed 
* in these four tumors at levels simitar to these seen 
in other colorectal turners and at least as high as in 
non^oplastlc colonic mucosa. 

as 

Example 4: 

This example demonstrates that the non-de- 

40 leted pS3 allele in a primary tiimnr carries a point 
mutation at codon 143. 

A tumor was chosen which hao an allelic dele- 
tion of chromosome -i7p yet expressed significam 
quantities of pS3 mRNA. A cDNA ctone ongmating 

€9 from the remaining pS3 allele was isolated and 
sequenced to determine whether the gene product 
was abnormal. 

For practical reasons, a nude mouse xenogreft 
(Cx3) of a primary tumor was selected fcr this test. 

so Primary mmors contain non-neopiastic cells which 
could contribute p53 mRNA. while in xenogrslts the 
non-neoplaatic calls (derived from the mouse) 
could not be the source of a human p53 cDNA 
clone. Cx3. like over 75% of colorectal carcinomas. 

ss had allelic deletions of several RFIP (restriction 
fragment length polymorphism) markers on cnro- 
moscme 17 and expressed significant amounts ct 
p53mRNA.. 
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A nearly ful}*)angth p53 cDNA was doned from 
Cx3 mRNA uainQ standard techniques. Double 
stranded cONA was s/nthesized as descn*bed by 
U. Gubler and BJ. HoKman. Gene 25 263 (1983) 
and cloned fmo me lambda gtio vector. The cOna $ 
inwn *was subdoned into eiuescript KS 
(Stratagene Coning Systems. laJoila. CA) and 
nested deletions were made with exonuciease III 
(5. Henekoff. Qene 28. 351 [1984]). Sequences 
were obtained from double^ranoed templates us* to 
Ing modified T7 polymerase as described by S. 
Tabor and C.C. Ricnarason. Rroc. Mart Acad. Sd. 
USA 64. 4787 (1887) and a Kraft. X Tvdiff. K.S. 
Krauter and LA. Lefnwand. Koleehniques 6. 544 
(1988). rs 

The done extended 2587 nucleotides from po- 
sition 'iga fviatfve to tne translation mmation site to 
the poiyadenosine talL The clone was sequenced 
by the dideoxy ehaoMermlnation method and one 
nudeodde difference wu Identified in comparison so 
wHh published p53 sONA sequences (See. Lamb. 
supra: Zakul-Houri. supfa ; Harris, supra; Mat* 
Ushewsld; supra ; and Buehman. supraj . A iransMon 
from T to C had occurred withfn cooon 143 (6T6 
to GCG). resulting In a change of the encoded as 
amino actd from vafine to alanine. 

To ensure that !ha sequence change was not 
an artifact of cDNA clonirig, the polymerase chain 
reaction (PCR. (Saikf. et aL Science. Vol. 239. p. 
487. 198^] was used to amplify a ill base pair so 
(bp) sequence surrounding the presumptive muta* 
tien firom genomic DMA ^ Cx3. 

DMA was incubated in the presence ^ Taq 
poiymearse with primer oligomers complementary 
to sequences 68 bate pairs upstream ano 43 base » 
pairs downsueam of codon 143. The upstream 
primer used was 5* 

TTCCTCTTGCTGCAGTACTCM': an but 6 
nucleotides of this primer were derived from the 
p53 tntron 4 sequence determined by Buchman et « 
al.. supra. The downstream primer was s'* 
GACSCG&QTGCCGGGCG6-3 . After 35 cycles of 
denaturation (one minute. 93*). anneanng (2 min- 
utES. 55*) and elongation (2 minutes. 70*) am- 
plified ONA fragrnents of 111 bp were generated. <s 
FdlowinQ eiec(ra|)ltoresis. Ilia lit bp antpliliej 
fragments were eluted from a polyacrylamide gel 
and purified by extraction %nth phenol and chlo- 
reform. 

Analyab of the PCR product was fedlilaled by so 
the obaervabon that the presumptive mutation cre- 
ated a new Hha I site (QCGC at nt 427-430). An 
aflquot of each of the purified DNA fragments was 
digened with Hha l. separated by eiecvophoresis 
on a non«denatuHng polyacrylamide gel. and elec* ss 
trophorctically transferred to n>-lon filtera. The frag* 
ments were hybridized with a radioactive pS3 
probe generated from a 1.8 kb )ta I fragment of a 



pS3 cONA done provided by D. Givel rZakot-Hourl, 
supra) . 

The 111 bp PCa product from tumor Cx3 was 
cleaved with Hha I to produce the expected 88 and 
43 subfragmenu (Figure 4. lanes 5 and 8). The i n 
bp PCR product from the ONA of normal ceito of 
the patient providing Cx3 was not deaveo wfth Hha 
I (lanes 7 and 8). nor were the PCR products of 37 
other ONA samples prepared from the normal tis* 
sues, primary colorectal tumors, or xenografts of 
omer patterns (examples in Rg. 4. lanes i-4). 
Theretdre. tne valine to alanine subsmuticn preeem 
in this tumor was the result of a specific point 
mutation not present in the germllne of the patient 

A small amount of a contaminating 73 base 
pair PCR product was present iti most of the 
eluates; the conummant was not cleaved by Hha I. 
however, so mat It did not Interfere with me anaiy* 

SIS. 



Example 5: 

This example demonstrates that a second tu* 
mor from a different patient earned a poim muta* 
lion at codon 175 of the p53 gene. 

Colorectal carcinoma xenograft Cxi. like Cx3. 
had allele deletions of several marfcers on chro* 
moseme I7p and expressed considerable amounts 
ol normal size pS3 mRNA. Firs: strand cONA was 
generated from Cxi RNA using random hexamers 
'in the presence of reverse transcriptase (E. Noonan 
and 1.6. Roninson. Nucleic Acids Research 16. 
10368 ( 1988]). This cDNA was used in five sepa* 
rate PCR reacdcns to generate fragments cotre* 
spending to nucleotides -59 to 248 (primer pair i), 
189 to 508 (primer pair 2). 443 to 740 (pnmer pair 
3). 878 to 878 (piimer pair 4). and 925 to 1248 
(primer pair These fragments contained all cod- 
ing sequences of the pS3 gents. Prirner pair 1 : 5 - 
6GAATTC ;ACGACGQTGACAC3-3* and 5'* 
6GAArrC6QTGTAGGAGCTGCTGG-3*; pair 2: 5 - 
GGAATTCCCAGAATQCCAGAQGC-a' and s'- 
6GAA7TCATGTGCTGTGACTGCTrG.3': pair 3: 5 
'-GQAATTCCACACCCCCQCCCG-3' and S'. 
GOAATTCATGCCQCCCATOCAG-3 . pair 4: 
GGAATTCTGACTGTACCACCATCC-3' and 
GGAATTCTCCATCCA6T66TrrC*3': pair 5: 5 * 
GQAATTCCCAACAACACCAQCTCC-3' and S'- 
GGAArrCAAAATGQCAQGG6AGG6-3'. All prim- 
era had extraneous nucleotides comprising EcoR 1 
cleavage sites at their 5 ends to fadlilate cloning. 
The PCR products were cloned in the EcoR I site 
of Biuescript SK and sequenced as described In 
Example 4. Only 1 base pair change was identified 
(bansitlon from CGG to CAC) and this change at 
codon 17$ vraa found in two independent donee. 
To ensure that the sequence change repre* 
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semed a mutation rithcr thin « seouenoe polymor- 
prtism. PCR w*$ usad to amplffy a fragment con- 
taining codon 175 from the gonomic ONA of tumor 
Cxi and normal ccUs. PCR was used to ampBfy a 
31S bp IraQmont containtno intron S and aurround- 
Ing exon wiquanow. Tha upstream primer was the 
same as used tor prtmer pair 3 and the down- 
stream primer wM , 5* 

CG6AATTCAGGCGGCTCATAGGGC-3 : PCR wu 
peffermed as decribed in Example 4. Following 
electrophoresis through a 2% agarose gel. the 319 
tp fragment was purified by nding to glass beads 
(Vogeistein et ai.. Proc. Nat'l. Acad. Sci. USA. Vol. 
76. p. 613 (1876)). The DNA fragments were cleav- 
ed with Sly I at nt 477 and end-iafceied by fiiHn 
with the Ktenow fragment of ONA Poiymcrwc i and 
»P^CTP. Rjflowing eleorophofesia of the reaction 
mixture through a non-denaturing polyacrylamide 
gei. the 282 bp Sly I fragment (nt 477-758). iabeted 
at the proximal end and containing codcn ITS. was 
eluted and purified by extraction with phenol and 
ctornform. A portion of the eKited ONA was cleaved 
with Hlia I and the fragments separated by elec- 
trophoresis on a 6% sequendng gel. The presump- 
tive mutation aboSshed the Hha I site normally 
present at codon ITS (GCGC at nt S22 to 52S). 
Thus. Hha I cleavage of the PCR products from 
DNA of the normal cells of the patient providing 
Cxi (Figure 6. lanes 3 and 4) or from the tumor cf 
another patient Oanea 5 and 6) produced only the 
46 bp product expected if codon 175 was wild- 
type. In contrast the PCR product from tumor Cxi 
was not cleaved at nt S24 (corresponding to coeon 
175) and exhibited only a larger 66 bp tragmem 
resulting from deevage at a normal downstream 
Hhe I site at nt 542. Analysts of the PCR product 
from paraffin embedded samples of the primary 
tumor end liver metastasis also exWbtted the di- 
agnosUc 66 bp Hha I fragment indicating the pres* 
ence of e mutation. 



Example 6: 

This example shows mat five out of twemy^ne 
carcinomas tested with the RNase proteoion meth- 
od produced mPHk molecules with detectable se- 
quence mismatches to the wild-type p53 RNA se- 
quence. 

Hybrids between a p53 ami-cense RNA probe 
and pS3 mRNA should be cleaved by RNase A 
only ot sequence mismatches. Aimough this meth* 
od is not as definitive or as sensHtve as sequen* 
dng. it aflows rapid screening of a larger number of 
tumors. Twenty-one colorectal carcinomas 9 pri* 
mary tumors and 19 csB lines) were examined with 
probes mat included most of the pS3 coding re- 
gion. 



Ten ug of celMer RNA was hybridized with 
radiolabeled anti-sense p53 RNA prooe. and the 
hybrids dgested widi RNase A A ap-{abe«ed SNA 
probe was generated in vitro from a p53 cOi^ 
s subciorc in eiuescriptlSlraugene Cioning Sys- 
tems. U Jolla. CA). The probo included S6i m ot 
p53 mRNA coding sequence (nt 473-1034 relative 
to the translation start site) plus 60 nt derived from 
the vector. 

fc The protected fragments were separated by 
electrophoresis through denatunng poiyacryiamioe 
gela: autoradiographs of the gels are presented in 
Figure 6. The RNA was derived from: lane 1: 
S115. carcinoma biopsy; lane Z: SW1417: lane 3: 

fs SW948; Une 4: RKC: lane 5: SW480: lane 6: RCA; 
lane 7: GEO: lane 8; F6T. lane 9: xenograft Cx3; 
lane 10; normal colonic mucosa; Une ii: yeast 
tRNA: lane 12: probe alone (not digested with 
RNase A): lane 13: SW1417 (long exposure). The 
fragmenU marked with arrowheads in lanes 5. 6 
and 13 were not presem in the other wmples. The 
autoradiooraphic exposure tme for lane 13 was 72 
houra to allow adequate vtsuaiiraeon of the new 
fragments: for all otasr lanes the exposure time 

iS was 10 hours. 

The RNA from 5 carcinomas protected frag- 
ments of a different size than those seen with RNA 
from wrmal ceOs. m two cases, the new fragmems 
were the major fragmonts detected fF-g. 6. lanes 6 

M and 13. arrowheads). In other cases, the new frag- 
ments were of minor intensity comoared to the fully 
proicctea fragment (lor example. SW480 in lane $). 
Such partial cleavages are not unexpected: the 
mutations in Cx3 and Cxi were not detected by Itm 

u RNase protection method (data nor shown) and It is 
known ttat tne majority ot RNA sequence mis- 
matches are partially cr totally resistant to RNaseA. 

Using similar techriques. five additional col- 
orecul cancers* two breast tumors and one lupg 

40 tumor have been examined tor p53 geiw m.jia- 
tions. in all cases, poim mutations of the p';3 gene 
were observed. 



a Claims 

1. A method of diagnosing a neoplastic tissue 
of e human, oompriaing: 

isolating from a human a tissue suspected of being 
to neoplasdc: 

detecting loss of wild-type p53 genes or their ex» 
presiion prcductt irom said tissue, said loss in* 
Oicating neoplasia of the bssue. 

2. The method of daim i wherein the expres- 
ss «'on products are mRNA molecuies. 

3. The method of daim i wherein the cxpres- 
aion sroduds are protein moxcules. 

_ 4. Thii ineU^ of cWm 1 wherein the loss or 
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wOd^typd pS3 9anes is detected by sequendng all 
or Aart ol me p53 gene using potymerase chain 
reaction. 

5. The method of claim 1 ivherein the toss of 
wfld-typd p53 genes b detected by cdenKfymg a 
mismatch ber^'ven molecules (1) a pS3 gene or 
p53 mRNA in said I'ssue and (2) a nudetc acid 
probe comptementary to the human *mld*type p53 
gene, when molecules (1) and (2) are hybridised to 
each other to loan a duplex. 

6. The method of claim 5 wherein tfia nudeic 
add probo fs a dbopiobe. 

7. The method of daim 5 wherein the nudeic 
add prcbe is a ONA probe. 

6. The method of claim 5 wherein the mis- 
match is (dunliried by enzymatic cleavage^ 

9. The method of claim 5 wherein the mis- 
match Is WOTdTied by chemical cleavage. 

10. The method of daim 8 tvherein the en* 
zymatic dea^'age is selected from tne group con- 
sisting of RNcao A and Si nudease. 

11. The method of claim S wherein the mis- 
match ts kientried by obsefving a shift in elec* 
trophoretic rr.obiSty of the duplex relative to the 
mobility of a cjpiex fomted when mofecule (2) is 
hybridiad to a wiU-type pS3 gene or pS3 mRNA. 

12. The nethod of daim 1 wherein the loss of 
wild-typs pj3 t-enfts is detected by ampfirication of 
pS9 gene soquenees and hybridization of the am* 
pHfied pSa se^^uenees to nudeic acid probes which 
are complementary to mutant p53 alleles. 

13. The method of daim 1 wherein the loss of 
wild-type p53 genes is detected by molecular clon- 
ing and seouenrcog all or pan of the p53 gene. 

14. The riethod of claim 3 wherein loss of wild* 
type p53 prctein mdecuies are detected by the 
loss of ability to complex with an antigen selec»d 
firom the group consisting of SV-40 large T antigen 
and adSTio^'irvs £IB antigen. 

15. The method of daim r wheiein the detec* 
tion of loss of wild-type pS3 genes comprises 
scrvening for a pdm mutation. 

16. Thfl mothoa of daim is wherein the point 
mutation is a missense mutation. 

17. The method of daim I whemin the detec- 
tion of loss 3f wild-type pS3 genes comprises 
screening for a Irameahtfi mutation. 

18. The method of daim i wherein the detec- 
tion of tots of wild-type pS3 genes comprises 
screening for a deieticn mutation. 

10. The method of ddm 1 wherein the detec- 
licn of loss of wild-type p53 genes comprises 
screening for a potnt mutalion and screening for a 
deletion mLtatton. 

20- The method ot daim I wr^tn me neo* 
piasbe Um is selected tnm the group eonsistiflg 
of: fung. broeu. brain, coiorectaL Diadoer. prostate, 
liver and stomach turners. 



21. The method of claim 20 wherein the neo- 
plastic tissue is seiecmd from the group consisting 
of: lung, breast and colorectal tumors. 

22. The method of claim 21 wherein the neo- 
s plastic tissue is a colorectal cannoma. 

23. A msthod of supplying wfid-type p53 gene 
function to a cell which has lost said gene function 
by virtue of mutation in a p53 gene, comprising: 
introducing a wild-type p$3 gene into a cell which 

10 has lost said gene funetoan such that saU gene is 
expressed in the ceil. 

24. The method of daim 23 wherein said wtie- 
type p53 gene is expressed to a level higher than 
any mutant p53 gene present in the ceO. 

IS 25. The method of claim 23 wherein the wild- 
typs.pSO gene introduced reoombines with the 
endogenous mutant p53 gene present in tfw ceU 
by a double recombination event to correct the pS3 
gene mutalion. 

so 26. A method of supp^g a wiio-type .p53 
gene function to a cell which has lost said gene 
function by virtue of a mutation in a pS3 gene, 
comprising: 

btrooucing a portion of a wfld-type p53 gene Into a 
2S cell which has lost said gene function such that 
said portion ts expressed in Ow eeH, said portion 
encoding a pert of the p53 protein which ts re- 
quired for non-neoplastic growth of sa^ cell. 

27. A kit for determination of the nudeotide 
» sequence of a p53 gene by pdymerase chain 
reaction, comprising: 

a set of pairs of single stranded ONA primers, said 
set allowing synthesis of all nucleotides of the p53 
gene coding sequences. 

as 28. The kit of claim 27 wherein the primers 
have resrrtion enayme sites at each s' end. 

29. The kit of daim 27 wherein the set of pairs 
of primers comprise: 
Primer pair 1: 

4» GCAATTCCACGACGGTGACACG-3 and S* 
G6AATTC6GTGTAGGAGCTGCT60-3*: pair 2: S'* 
GGAATTCCCAGAATGCCAGAGGC-3': 5* 
GGAATTCATGTGCTGT6ACTGCTTG-3': parr 3: 5 
-GGAATTCCACACCC0C6CCCG-3 and 

-s CGAATTCATOCCCCCCATGCAG-3': pair 4: 
6QAATTCTQACTQTACCACCATCC-3' and 5- 
GGAATTCTCCATCCAGTeQTTTC-3': pair S: 5- 
GGAATTCCCAACAACACCAGCTCC-3 and S* 
GGAATTCAAAATGGCAGG6GAGGG-3'. 

SO 30. A nucleic add prcbe complementary to a 
human mutant p53 gene. 

31. The probe of daim 30 which is a riboprobe. 

32. The probe of daim 30 which is a ONA 
probe* 

ss 33. A fnethod of detecting the presence of a 
neopiastie tiseue in a f4iman. comprtstng: 
isolating from a human a body samole: 
detecting in said sample e mutant p53 gene or 
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expression product. 

34. Jh9 method of claim 33 wherein said body 
sample is selected from the group consisting of 
semm. atool, urine ano sputum. 

35. A method of detecting genedc predissosi- s 
tioii to cancer in a human compriaing: 

isolating a human sample selected from the group 

consitting of blood and fetal tissue: 

extracting ONA from the sample; 

detecting loss of a wad*type p$3 gene from the fo 

DMA. 
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